Introduction {#S1}
============

Gambling is often promoted and experienced as a legitimate social leisure activity for adults, shared with friends and family. Gambling products and marketing incorporate and encourage interaction with others, including through social media, ostensibly promoting social connection as part of the gambling experience ([@B36]; [@B66]). Research has potentially identified negative effects of social influences on gambling behavior, particularly problematic gambling behavior ([@B70]; [@B79]; [@B87]), including among youth ([@B14]; [@B28]; [@B49]). Recent findings that, at a population level, most gambling harm is from low- and moderate-risk gamblers ([@B13]), highlight the need to improve our understanding of the determinants of harmful gambling, including social influences.

The biopsychosocial model of health offers a comprehensive theory to explain the initiation and sustainment of gambling behavior ([@B78]) and recognize both unique and combined influences ([@B2]; [@B10]). On a biological level, these influences include genetic predisposition ([@B83]) and gender ([@B44]). Psychological influences include personality ([@B56]; [@B63]), motivation ([@B40]; [@B83]), reasoning ([@B24]), and mental health issues ([@B11]). Examination of the social influences on gambling has largely focused on youth, particularly the active and passive influence of family and peers. Active influences occur when someone is encouraging, pressuring, or compelling someone to engage in a behavior such as gambling; whereas passive influences include processes of learned behavior, such as modeling and normalization ([@B8]; [@B9]; [@B45]).

Early social influences on gambling behavior include perceived and actual family attitudes and behaviors toward gambling ([@B46]; [@B76]). The passive influence of modeling parental gambling behavior may begin early in childhood ([@B69]), although the effects have mostly been measured in adolescents. Parental gambling behavior has been correlated with adolescents' gambling attitudes and intention ([@B69]), as well as their gambling behavior ([@B52]; [@B64]; [@B86]). Of concern is where these influences have encouraged the early initiation of gambling during adolescence, which is a risk for future problematic gambling ([@B27]; [@B37]; [@B39]; [@B52]). The intergenerational transmission of problem gambling is related to the perceived financial and self-enhancing benefits of gambling ([@B28]). The relationship between parental gambling and subsequent problem gambling by the child is stronger when the parents themselves experience problems with gambling ([@B26]; [@B84]). Active social influences within the family include the facilitation of underage gambling by purchasing scratch cards and lotteries or placing sports bets ([@B41]; [@B49]; [@B72]), which serve to reinforce other passive influences of normalization.

Although family is the first, and often enduring social influence, as we age the social influence of family declines and that of friends and peers increases. Iterations of the reasoned action approach, such as the Theory of Planned Behavior and the Theory of Reasoned Action, explain the role of these social influences ([@B4]; [@B35]). These approaches identify the role of intentions in driving behavior, with intentions being shaped by three factors: attitudes toward the behavior, perceptions of behavioral control, and normative beliefs (subjective norms). Subjective norms were defined by Ajzen ([@B4], p. 188) as "*the perceived social pressure to perform or not to perform the behaviour*," with the norm more likely to influence behavior if the individual is motivated to comply ([@B65]). For this reason, subjective norms are sometimes defined as what the individual thinks that "*important others believe the individual should do*" ([@B34], p. 2382). Notably, the individual's perception of the norm does not have to be accurate for it to influence their behavior ([@B20]). Reasoned action approaches have been successfully applied to understanding gambling behavior and have identified the role of subjective norms as predictors of intention and, indirectly, behavior ([@B22]; [@B50]; [@B53]; [@B57]; [@B61]).

Research has identified social influences from both family and friends as influential in the initiation of gambling ([@B49]; [@B72]). However, the causal direction between social influences and the perpetuation or escalation of gambling is less clear. Do people become more like their existing social contacts over time (social influence)? Or do new or changing interests shape social connections, through selection of new contacts who share those interests, and disconnection from those who do not (social selection)? Compared to adolescents who gamble recreationally, those experiencing problems with gambling are more likely to have friends who also do ([@B25]) and will have lost friends who do not gamble through social deselection ([@B40]). Studies of adult males have identified similar patterns, with gambling an important part of the relationship among friendship groups, and facilitating social interaction with those outside the group when gambling interests aligned ([@B38]; [@B70]). Gambling can maintain a sense of belonging to a social community through a "*symbolic activity that represents and reaffirms group values*" ([@B49], p. 144).

Previous studies examining the relationship between social influences and gambling behavior have used correlational methods focused on the individual. Other public health research has demonstrated the value of examining social influence by broadening the analysis to social networks. Social network analysis (SNA) has examined both positive and negative impacts of social influence on behaviors or conditions, such as smoking ([@B17]), obesity ([@B16]), alcohol consumption ([@B74]), and depression ([@B73]).

Only two studies have applied SNA to gambling behavior, both using egocentric SNA ([@B54]; [@B55]). Egocentric SNA specifically studies the social networks of individuals rather than those of a population as a whole (sociocentric SNA). In an initial small study (*N* = 40), Meisel et al. ([@B55]) sampled pathological and non-pathological gamblers, finding that social networks around pathological gamblers included more people who gamble. They argued that this was due to people's preference to associate with those who are similar, known as homophily. Although they found compositional differences between the social networks of pathological and non-pathological gamblers, they did not find structural differences. In a second study of 287 undergraduate students from a Southern American university, also using egocentric SNA, they extended the analysis to include other addictive behavior, such as smoking, drinking, and use of marijuana, finding similar patterns of clustered behaviors ([@B54]). Gambling behavior in this study was measured by frequency rather than a more traditional measure of risk such as the Problem Gambling Severity Index (PGSI; [@B33]).

To study the social networks of gamblers at different levels of problem gambling severity, and to overcome the limitations of previous small sample sizes, this study utilized egocentric SNA using a large (*N* = 784) adult sample of respondents. Specifically, the study aimed to examine how the role of social influences varies among different gambler risk groups by comparing key characteristics of their social networks.

Methods {#S2}
=======

Setting {#S2a}
-------

This study was conducted in Victoria, Australia. Gambling is recognized as a legitimate leisure activity in Australia, with an annual participation rate approximating 64% ([@B42]). About 7.9% of Australians experience some gambling-related problems, with 1.1% being classified as problem gamblers ([@B6]). In Victoria, the participation rate is approximately 70%, with 10.4% experiencing some gambling-related problems, and 0.7% classified as problem gamblers ([@B77]).

Respondents {#S2b}
-----------

A sample of 784 Victorian adults from a commercial panel provider participated in an online survey in late 2017. Respondents were presented with an information page outlining that the study was a social network study with questions about gambling, so that they could provide informed consent. A total of 2,024 potential respondents started the survey, but 548 were excluded for not meeting inclusion criteria (aged 18+ with no maximum age, living in Victoria, consenting to take part, committing to providing their best answers), and a further 100 were excluded for providing poor quality data (failed attention checks). A further 592 respondents started but did not complete the survey. Thus the completion rate, based on eligible respondents, was 784/(592 + 784) × 100 = 57.0%. Median completion time was 28.8 min, and respondents were compensated based on the standard practice of the research panels from which they were recruited.

The mean age of respondents was 35.3 years (*SD* = 14.5, range: 18--77) and 54.2% of respondents were female. Quotas were set, so that respondents were approximately evenly split between non-gamblers, and each of the four PGSI groups, facilitating statistical comparisons between all groups.

Procedure and measures {#S2c}
----------------------

Egocentric SNA considers four main families of variables: measures about the ego, measures about the alters, ego--alter relationships, and alter--alter relationships. The latter are particularly important for deriving social network structure variables, as described below.

### Ego measures {#S2c1}

The respondents (henceforth *egos*) provided information about their own demographics (age, gender, main language spoken at home, country of birth, highest level of education, number of dependent children living with them, work status, income, and disposable income). They were also asked about their gambling behavior (frequency over the last 12 months on each of nine forms of gambling, expenditure on each form) and problem gambling severity (the PGSI; [@B33]). We used the original PGSI cutoff scores (0 = non-problem gambler, 1--2 = low-risk gambler, 3--7 = moderate-risk gambler, 8+ = problem gambler), and Cronbach's α in this sample was .94.

### Alter measures {#S2c2}

Egos were then asked about the 20 adults who they considered had been the most influential in their lives over the past 12 months (henceforth *alters*). Previous social network analyses have used between 3 ([@B82]) and 30 ([@B55]) alters, and we found 20 alters to be an acceptable compromise in terms of information detail and survey length. Egos gave the name (or nickname) of each of the 20 alters, which was required for subsequent questions. They then reported their perceptions of the gambling behavior of each alter (frequency of engagement in gambling forms other than lottery games, instant scratch tickets and bingo in the past 12 months; which form they engaged in most) and level of harm due to gambling each alter had experienced over the past 12 months (no, minor, moderate, or severe harm).

### Ego--alter relationship measures {#S2c3}

The ego indicated the nature of their relationship with each alter (e.g., mother, father, brother, sister, other family member, friend, colleague, etc; recoded into family, friends, and colleagues), and how close the ego was to each alter (not particularly close, somewhat close, very close, and extremely close). The closeness measures were used to calculate a mean "tie to alter" strength. For alters who gambled, egos were asked to report how often the ego and each alter gambled together.

### Alter--alter relationships {#S2c4}

The ego then reported how close each pair of alters were (e.g., "How close is John to Peter?") using the names provided for each alter, and using the same closeness scale as for ego--alter relationships. Initial analyses treated these closeness variables as a scale, as well as a dichotomy, where a relationship ("tie") was considered to be present if it was rated as somewhat, very, or extremely close. Results were generally in alignment, so we have opted to report the latter recoding here.

Social network measures and statistical analysis {#S2d}
------------------------------------------------

Ego measures (demographics, gambling behavior, and risk) were compared using standard statistical analyses across PGSI groups. These comprised analysis of variance (ANOVA) with Tukey's pairwise comparisons, or non-parametric (Welch tests) where appropriate, for continuous measures; Kruskal--Wallis and Bonferroni-corrected Mann--Whitney *U* tests for ordinal measures and chi-square with pairwise tests of independence for categorical variables. Alter characteristics were calculated based on similarity to the ego. The absolute difference in age between the ego and each of their alters was calculated, and then averaged for a single mean absolute difference score per ego. Gender similarity, gambler status, and gambling-related harm status were calculated using Krackhardt and Stern's ([@B48]) EI index in E-Net v0.41 (Lexington, Kentucky; [@B12]), with negative scores indicating that more alters are of the same group as the ego (i.e., same gender, gambler status, or gambling-related harm status), and positive scores indicating more alters are in the opposite group to the ego. Alter--alter similarity is henceforth referred to as *heterogeneity*, calculated using Blau's H, also in E-Net, with scores closer to 0 indicating that the alters in an ego's network are mostly similar to each other on the relevant measure (homogeneity), whereas scores closer to 1 indicate that the alters are mostly different to each other (heterogeneity).

Finally, data from the alter--alter relationship measures were used to calculate the structural characteristics of each ego's egocentric social network. *Density* refers to the proportion of possible alter--alter ties that actually exist. In the present data set, there were 190 possible alter--alter ties per ego, so, for example, in an ego's network where 38 of the alter--alter relationships existed (i.e., a tie was considered to be present), density would be 38/190 = 0.20. *Constraint* is another measure of how interconnected an ego's alters are. Here, if an ego is connected to alters who are highly connected to each other, then an ego is said to be constrained, with higher scores indicating higher constraint. *Hierarchy* is a measure of the nature of this constraint. If an ego is closely connected to a small number of alters who essentially act as the ego's gateway to a larger social network, then hierarchy is higher. Once again, these measures are calculated as a score for individual egos, and can be compared using standard statistical analysis (ANOVA or equivalent non-parametric tests).

Analyses were conducted using a combination of SPSS v25.0 (Armonk, NY; [@B43]) for descriptive and inferential statistics, E-Net v0.41 ([@B12]) for calculating network structural variables, and R v3.4.0 (Vienna, Austria; [@B71]), with the following packages in particular: igraph, network, sna, ndtv, visNetwork, all for creating network diagrams.

Ethics {#S2e}
------

All procedures performed in studies involving human participants were in accordance with the ethical standards of the institutional and/or national research committee and with the 1964 Helsinki Declaration and its later amendments or comparable ethical standards. All participants gave informed consent and were informed they could withdraw at any time. Data were anonymized before analysis. The study was approved by CQUniversity Australia Human Research Ethics Committee, clearance number H17/05-080.

Results {#S3}
=======

Ego characteristics {#S3a}
-------------------

As indicated in Table [1](#T1){ref-type="table"}, respondents in the problem gambler group were significantly more likely to be male compared to all other PGSI groups apart from moderate-risk gamblers. Non-problem gamblers were significantly more likely to be female compared to moderate risk and problem gamblers. Those in the non-gambler and the low risk, moderate risk or problem gambler groups were significantly younger compared to non-problem gamblers, and low-risk gamblers were significantly older than non-gamblers. Gamblers in the three highest risk groups were significantly more likely to speak English as their main language at home compared to non-gamblers, and all gamblers had a significantly higher income compared to non-gamblers, with problem gamblers having a higher income than non-problem gamblers. Those in the moderate risk or problem gambler groups were significantly more likely to be employed, particularly compared to non-gamblers and non-problem gamblers.

###### 

Ego demographic characteristics, and ego--alter similarity in terms of demographics, by ego group

  Demographic                                     Non-gamblers        Non-problem gamblers      Low-risk gamblers      Moderate-risk gamblers     Problem gamblers     Inferential statistics
  ------------------------------------------ ----------------------- ----------------------- ------------------------ ------------------------ ----------------------- --------------------------------------------------
  *n*                                                  159                     169                     151                      157                      148           
  *Ego demographics*                                                                                                                                                   
  Gender (% male)^a^                                35.8^cd^                 32.5^d^                 45.7^cd^                 51.0^ce^                 66.2^e^         χ^2^(4, *N* = 784) = 9.94, *p* \< .041, Φ = .24
  Age \[mean (*SD*)\]                           30.84 (13.15)^c^        42.33 (16.06)^e^         36.05 (14.14)^d^        34.20 (14.36)^cd^        32.47 (11.63)^cd^    Welch (4, 388.97) = 14.63, *p* \< .001
  English as main language at home                   88.7^c^                95.3^cd^                 97.4^d^                  97.5^d^                  98.0^d^         χ^2^(4, *N* = 784) = 20.88, *p* \< .001, Φ = .16
  Median annual pre-tax personal income^b^    \$20,800--\$31,100^c^   \$31,200--\$41,599^d^   \$31,200--\$41,599^de^   \$31,200--\$41,599^de^   \$41,600--\$51,999^e^  *H*(*df* = 4) = 54.62, *p* \< .001
  Employed (part or full time)                       45.3^c^                 56.8^c^                 58.3^cd^                 72.0^de^                 77.7^e^         χ^2^(4, *N* = 784) = 43.66, *p* \< .001, Φ = .24
  *Ego--alter demographic similarity*                                                                                                                                  
  Gender (EI score)                               −0.26 (0.32)            −0.24 (0.31)             −0.22 (0.31)             −0.24 (0.33)            −0.26 (0.34)       *F*(4, 779) = 0.38, *p* = .821
  Absolute age difference                       10.70 (6.78)^cd^         12.28 (6.06)^c^         11.03 (7.65)^cd^          9.77 (5.35)^d^          9.27 (4.96)^d^      Welch (4, 386.84) = 6.83, *p* \< .001

*Note.* Pairwise comparisons are indicated by superscript letters (c, d, and e), indicating significant differences. In cases where a group has multiple superscripts, the group is not significantly different to any other group with either of those superscripts. For example, for gender, non-gamblers have a superscript of cd, and thus do not differ significantly from any other group with either c or d in their superscript (i.e., they only differ significantly from the problem gambler). No superscripts are shown when no significant differences were observed.

^a^Egos were given the option of "Other (please specify)" for gender, but none selected the option. ^b^Egos were given the options "don't know" and "prefer not to say." Egos that selected those options were removed from analysis (*n* = 77).

Ego--alter similarity {#S3b}
---------------------

No significant differences were observed between the groups in terms of the proportion of alters who were the same gender as the ego. However, the alters of egos in higher risk groups (moderate risk and problem gamblers) were significantly closer in age to the ego compared to non-problem gamblers.

Alter gambling behavior and gambling-related harm {#S3c}
-------------------------------------------------

The proportion of alters who gamble varied by the ego's risk group. For non-gamblers, 3.72 of their 20 alters (on average) were gamblers, and this number increased through the PGSI risk groups. For egos classified as problem gamblers, 13.01 of their 20 alters on average were gamblers (Table [2](#T2){ref-type="table"}). Alters who gamble were not more likely to come from any particular relationship group to the ego (family, friends, and colleagues) for any of the ego risk groups.

###### 

Mean (*SD*) number of alters who gamble, and who experience gambling-related harm, by ego group

  Alter type                                                                            Non-gamblers     Non-problem gamblers   Low-risk gamblers   Moderate-risk gamblers   Problem gamblers           Inferential statistics
  ----------------------------------------------------------------------------------- ----------------- ---------------------- ------------------- ------------------------ ------------------ -----------------------------------------
  Alters who gamble                                                                    3.72 (5.26)^a^       7.30 (7.17)^b^       9.38 (6.73)^c^         9.85 (6.91)^c^       13.01 (7.30)^d^    Welch (4, 386.02) =  48.26, *p* \< .001
  As % of alters                                                                           18.60%               36.50%               46.90%                 49.25%                65.05%       
  Heterogeneity                                                                        0.17 (0.18)^a^      0.21 (0.19)^ab^       0.27 (0.19)^c^        0.26 (0.19)^bc^        0.19 (0.19)^a^        *F*(4, 779) = 9.79, *p* \< .001
  Homophily                                                                            −0.63 (0.53)^a^     −0.27 (0.72)^b^       0.06 (0.67)^c^         0.02 (0.69)^c^       −0.30 (0.73)^d^    Welch (4, 386.02) = 54.23, *p* \< .001
  Alters who are family and who gamble                                                 1.29 (2.70)^a^       2.75 (3.29)^b^       3.20 (3.03)^bc^       3.26 (3.38)^bc^        4.15 (4.03)^c^    Welch (4, 385.78) = 17.67, *p* \< .001
  As % of alters who are family                                                            17.74%               35.08%               45.46%                 45.41%                59.00%       
  Alters who are friends and who gamble                                                1.99 (3.64)^a^       3.55 (4.55)^b^       4.66 (4.39)^bc^        5.04 (4.70)^c^        6.75 (5.48)^d^    Welch (4, 385.46) =  24.43, *p* \< .001
  As % of alters who are friends                                                           18.51%               37.80%               46.38%                 49.92%                67.50%       
  Alters who are colleagues and who gamble                                             0.43 (1.15)^a^      1.01 (2.15)^ab^       1.52 (2.40)^bc^       1.55 (2.40)^bc^        2.11 (3.49)^c^    Welch (4, 368.76) = 16.47, *p* \< .001
  As % of alters who are colleagues                                                        21.71%               36.47%               52.16%                 56.86%                71.13%       
  Alters who gamble and who experienced harm                                           1.34 (3.59)^ab^      0.65 (1.89)^a^       2.54 (4.62)^b^         4.08 (5.27)^c^        7.74 (6.54)^d^    Welch (4, 356.42) = 53.47, *p* \< .001
  As % of alters who gamble                                                                36.02%               8.90%                27.08%                 41.42%                59.49%       
  Heterogeneity                                                                        0.06 (0.13)^a^       0.04 (0.10)^a^       0.12 (0.15)^b^         0.19 (0.18)^c^        0.26 (0.19)^d^    Welch (4, 377.26) = 52.94, *p* \< .001
  Homophily                                                                            −0.87 (0.36)^a^     −0.61 (0.74)^b^       0.20 (0.86)^cd^        0.40 (0.68)^c^        0.17 (0.67)^d^    Welch (4, 373.17) = 168.94, *p* \< .001
  Alters who are family, who gamble, and experience harm                               0.59 (2.22)^ab^      0.24 (0.74)^a^       0.69 (1.36)^ab^        1.22 (2.01)^b^        2.58 (3.37)^c^    Welch (4, 353.87) = 24.93, *p* \< .001
  As % of alters who are family and who gamble                                             45.74%               8.73%                21.56%                 37.42%                62.17%       
  Alters who are friends, who gamble, and experience harm                              0.57 (1.74)^ab^      0.24 (0.88)^a^       1.41 (2.91)^bc^        2.17 (3.54)^c^        4.05 (4.36)^d^    Welch (4, 345.31) = 40.29, *p* \< .001
  As % of alters who are friends and who gamble                                            28.64%               6.76%                30.26%                 43.06%                60.00%       
  Alters who are colleagues, who gamble, and experience harm                           0.18 (0.77)^a^       0.16 (0.73)^a^       0.44 (1.30)^ab^       0.69 (1.55)^bc^        1.11 (2.26)^c^    Welch (4, 370.00) = 10.06, *p* \< .001
  As % of alters who are colleagues and who gamble                                         41.86%               15.84%               28.95%                 44.52%                52.61%       
  Number of alters who gamble, with whom ego gambles                                         NA             2.83 (5.51)^a^       4.70 (6.23)^ab^        5.62 (6.56)^b^       10.43 (7.98)^c^    Welch (3, 337.69) = 31.91, *p* \< .001
  As % of alters who gamble                                                                  NA                 38.77%               50.11%                 57.06%                80.17%       
  Number of alters who gamble, with whom ego gambles, and who have experienced harm          NA             0.30 (1.51)^a^       1.73 (4.07)^b^         2.55 (4.60)^b^        6.51 (6.72)^c^    Welch (3, 285.98) = 51.94, *p* \< .001
  As % of alters who gamble, and with whom ego gambles                                       NA                 10.60                 36.81                 45.37                 62.42        

*Note.* Pairwise comparisons are indicated by superscripts, with different letters indicating significant differences. In cases where a group has multiple superscripts, the group is not significantly different to any other group with either of those superscripts.

Not only did egos in higher risk groups associate with more alters who gamble, they also reported that most of their alters who gamble experience gambling-related harm. For egos classified as problem gamblers, approximately 60% of their alters who gamble were reported as experiencing gambling-related harm. Surprisingly, however, non-gamblers reported that a higher proportion of their alters experience gambling-related harm compared to non-problem gamblers (36.0% vs. 8.9%). No significant differences were found between relationship groups in terms of harmed alters within risk group, most likely due to inflated variance and reduced sample size (not all egos had alters in all three relationship groups).

Furthermore, gamblers in higher risk groups were significantly more likely to gamble with a higher proportion of their alters who gamble -- up to 80% of them for egos classified as problem gamblers. Those in higher risk groups were also significantly more likely to gamble with alters who experience gambling-related harm.

Ego--alter relationship strength and structural network measures {#S3d}
----------------------------------------------------------------

Egos in low risk and problem gambler groups reported a stronger mean ego--alter relationship strength compared to non-problem gamblers. Similar relationships were observed for alters when considered by relationship type (family, friends, and colleagues), and also based on whether the alter was a gambler or non-gambler (Table [3](#T3){ref-type="table"}).

###### 

Mean (*SD*) ego--alter relationship strength by alter subgroups and by ego group

  Alter group    Non-gamblers      Non-problem gamblers   Low-risk gamblers    Moderate-risk gamblers   Problem gamblers  Inferential statistics
  -------------- ----------------- ---------------------- ------------------- ------------------------ ------------------ --------------------------------------
  All alters     1.65 (0.63)^ab^   1.52 (0.66)^a^         1.74 (0.60)^b^          1.71 (0.57)^ab^        1.75 (0.54)^b^   Welch (4, 389.02) = 3.52, *p* = .008
  Family         2.09 (0.75)^ab^   1.99 (0.73)^a^         2.25 (0.67)^b^          2.18 (0.61)^ab^       2.15 (0.64)^ab^   *F*(4, 741) = 3.17, *p* = .013
  Friends        1.58 (0.67)^ab^   1.43 (0.72)^a^         1.62 (0.69)^ab^         1.58 (0.62)^ab^        1.68 (0.64)^b^   *F*(4, 770) = 3.04, *p* = .017
  Colleagues     1.13 (0.85)^a^    0.95 (0.75)^a^         1.11 (0.78)^a^          1.23 (0.76)^ab^        1.46 (0.72)^b^   *F*(4, 440) = 5.40, *p* \< .001
  Non-gamblers   1.70 (0.60)^ab^   1.55 (0.69)^a^         1.77 (0.73)^ab^         1.72 (0.71)^ab^        1.79 (0.61)^b^   *F*(4, 669) = 2.73, *p* = .028
  Gamblers       1.48 (0.85)^a^    1.64 (0.84)^ab^        1.82 (0.70)^b^          1.72 (0.66)^ab^        1.80 (0.62)^b^   Welch (4, 301.98) = 3.29, *p* = .012

*Note.* Pairwise comparisons are indicated by superscripts, with different letters indicating significant differences. In cases where a group has multiple superscripts, the group is not significantly different to any other group with either of those superscripts.

Finally, the network structural measures indicated that the networks of those in higher risk groups, particularly problem gamblers, were significantly more dense (i.e., more alters were connected to each other) compared to non-problem gamblers. Problem gamblers were significantly more constrained than non-problem gamblers, and hierarchy was significantly lower for problem gamblers compared to all other groups apart from moderate risk gamblers (Table [4](#T4){ref-type="table"}).

###### 

Mean (*SD*) network structural measures by ego's group

  Structural measure      Non-gamblers     Non-problem gamblers   Low-risk gamblers   Moderate-risk gamblers   Problem gamblers           Inferential statistics
  -------------------- ------------------ ---------------------- ------------------- ------------------------ ------------------ ----------------------------------------
  Density                0.20 (0.13)^b^       0.16 (0.11)^a^       0.20 (0.13)^ab^        0.21 (0.13)^b^        0.32 (0.15)^c^    Welch (4, 384.81) = 29.76, *p* \< .001
  Constraint             0.17 (0.02)^b^       0.16 (0.04)^a^       0.17 (0.03)^ab^       0.17 (0.03)^ab^        0.18 (0.02)^c^    Welch (4, 388.12) = 11.25, *p* \< .001
  Hierarchy             0.048 (0.053)^a^     0.054 (0.073)^a^     0.049 (0.077)^a^      0.038 (0.047)^ab^      0.025 (0.047)^b^      *F*(4, 779) = 5.58, *p* \< .001

*Note.* Pairwise comparisons are indicated by superscripts, with different letters indicating significant differences. In cases where a group has multiple superscripts, the group is not significantly different to any other group with either of those superscripts.

Social network diagrams for egos classified as non-problem and problem gamblers {#S3e}
-------------------------------------------------------------------------------

Example social network diagrams are shown for particular egos who were classified as a non-problem gambler (Figure [1](#fig1){ref-type="fig"}) and a problem gambler (Figure [2](#fig2){ref-type="fig"}). These egos were chosen to be representative of the sample based on the basis of the number of alters who gamble in their network, and the network density. For clarity, the ego is not represented in this diagram as they would be another circle connected to all of the alters.

![The egocentric social network for an ego who is classified as a non-problem gambler. *Note.* Large circles are alters who gamble, and small circles are alters who do not gamble](jba-07-04-139_f001){#fig1}

![The egocentric social network for an ego who is classified as a problem gambler. *Note.* Large circles are alters who gamble, and small circles are alters who do not gamble. Squares indicate alters who gamble and who have experienced gambling-related harm](jba-07-04-139_f002){#fig2}

In Figure [1](#fig1){ref-type="fig"}, distinct social groups are evident, with little interconnection between them. Most alters do not have a relationship with most of the other alters, and thus network density is low. In contrast, Figure [2](#fig2){ref-type="fig"} represents a highly connected (dense) network for an ego classified as a problem gambler. Their alters who gamble generally have relationships with each other, and appear to come from all relationship groups (i.e., the ego's family, friends, and colleagues).

Discussion {#S4}
==========

The results of this study paint a picture of those in higher risk groups, particularly problem gamblers, being surrounded by other gamblers. From the present cross-sectional study, it is difficult to determine whether these social influences drive gambling behavior (social influence), or whether the gambling behavior influences whom the ego associates with (social selection). Determining this distinction is likely to require longitudinal methodologies. No matter how this state arises, research has consistently found that social/peer norms influence gambling behavior ([@B22]; [@B50]; [@B53]; [@B57]; [@B61]), leading to the conclusion that being surrounded by gamblers normalizes gambling behavior. Because 39% of Australian adults gamble at least monthly ([@B6]), gambling has become a normal activity. Despite this, there are high levels of community concern about normalization of a behavior like gambling (e.g., [@B3]), especially among children, adolescents, and young adults ([@B81]). This study has sought to understand how social networks may contribute to and help to maintain this normalization.

Not only are egos in higher risk groups surrounded by more gamblers, but also by more gamblers who experience gambling-related harm. If we accept the proposition that being surrounded by more gamblers normalizes gambling, then being surrounded by more gamblers who have experienced harm must normalize gambling-related harm. This influence is likely to be compounded for those in higher risk groups, because they gamble with a higher proportion of their alters who gamble, including those who experience gambling-related harm, and thus observing their behavior first hand may further normalize gambling ([@B19]) and gambling-related harm. Thus, reducing the social influence of alters who experience gambling-related harm represents an important intervention for egos in higher risk groups. One alternate interpretation is that those in higher risk groups may have reported that most of their alters experienced gambling-related harm in order to feel better about their own harm. Future research could potentially include directly surveying alters to compare their harm level to that reported by the ego. In addition, the finding that non-gamblers report that a higher proportion of their alters who gamble experience harm (compared to the proportion reported by non-problem gamblers) is interesting, and may indicate that people who do not gamble have a lower threshold for what they consider constitutes gambling-related harm.

However, as indicated by the network density of egos in higher risk groups, reducing these influences by associating less, or not at all, with these alters may be difficult, because the social networks are so highly interconnected. We note this network density as a novel finding in gambling social network studies, as Meisel et al. ([@B55]) did not find a difference in density, although this may be due to a lack of power due to their sample size. The finding of network density is, however, in agreement with the literature for other health behaviors, such as smoking ([@B17]; [@B21]; [@B30]; [@B32]), alcohol consumption ([@B1]; [@B5]; [@B47]; [@B54]; [@B60]; [@B74]; [@B80]), substance use ([@B29]; [@B68]), and dietary patterns ([@B16]; [@B67]). Importantly, because gambling and gambling-related harm are pervasive through their social networks, there is an interactive or amplifying effect ([@B31]; [@B59]). Furthermore, the networks are not hierarchical (i.e., there is not a key connection that forms a critical path connecting the ego to their network), highlighting the challenges of reducing or eliminating these social influences for anyone in the network wishing to change their behavior.

A path for future research is to determine appropriate, and achievable, methods to reduce these harmful social influences. Because of this network density, approaches that facilitate an ego's ability to be aware of and appropriately respond to these influences, rather than trying to eliminate them, may be more successful. However, the strength of these social bonds also forms an opportunity for behavior change and normalizing harm-minimization strategies and approaches that have been successful in other behaviors, such as smoking ([@B17]), exercise ([@B75]), and bullying ([@B85]). Lessons can be learned from successful approaches in smoking reduction, which include increased taxes, reduction of locations where smoking is permitted, and increased education about harmful effects ([@B18]; [@B51]). Peer influence can also be used to shape behavior, such as through normative feedback, which is designed to correct misperceptions by providing information about a person's behavior compared to others of similar ages ([@B58]). This feedback can be an effective tool for reduction of gambling behavior ([@B7]; [@B15]; [@B62]).

Limitations and strengths {#S4a}
-------------------------

Because the study was cross-sectional, it was not possible to determine the relative roles of social selection versus social influence. A longitudinal study, which allows for observations of change within the networks, is necessary to help determine their relative roles. A longitudinal study would also allow for the examination of change in gambling patterns over time, as these are not stable ([@B23]), and help determine how changes in behavior relate to changes in social networks. Another limitation is that egocentric SNA, by design, does not require information from the alters, and thus the information about these alters comes solely from the ego. However, previous studies (e.g., [@B50]) have found that the respondents' *beliefs* about social norms are important predictors, which may somewhat mitigate this limitation. Furthermore, the measure of harm for each alter was short, because asking egos to fill in a validated harms screen for each of their 20 alters was not possible within the confines of the survey. In addition, because respondents were recruited using quotas based on non-gambler status or PGSI group status, the overall sample is not representative of the Victorian population. However, the purpose of the study was to compare networks across these groups, and thus the sample was not designed to be representative of the Victorian population as a whole. Finally, these social networks are, by definition, networks of individuals. Broader sociocentric SNA may be able to identify clusters of gamblers within a population, although sociocentric SNA has its own limitations (e.g., refusal and lack of anonymity) and may be impractical for behaviors such as gambling where public data about individuals, and their connections to each other, are not readily available.

The overall strengths of the study are that this is the first large-scale study to examine social networks in gambling by risk group. It is the first (to our knowledge) study to suggest that gambling *harm* may be normalized, and the first to identify challenges in altering social networks of gamblers in higher risk groups due to their degree of interconnectedness.

Conclusions {#S5}
===========

Many forms of gambling represent an important social relationship between people. Influences from people within a person's social network can shape their gambling behavior through normalization, and for those in higher risk networks, also normalize gambling-related harm. The density of these networks, particularly for those in higher risk groups, presents challenges for those wishing to change their gambling behavior and for the reduction of gambling harm more broadly in the population. Instead, changing norms within society, which can in turn be transmitted through these networks, is likely to be more effective than changing the networks of individuals.
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